over Midwest environments (Hopkins et al., 1995) 1993 and 1995 IVDMD with 1995 survival were not significant nor In 1986, a Cycle 4 EY ϫ FF High IVDMD RRPS were the correlations between 1993 and 1995 yields and 1995 stands.
selection nursery was established at Mead, NE, with
In the C3 high IVDMD populations, some families had decreased transplanted seedlings. By the end of the growing seawinter survival but other families had high IVDMD and good survival.
son, the plants were well established and had flowered. the initiation of grazing in 1982, the switchgrass plants in these pastures were in seeded rows that had virtually no gaps. Because of the dense and uniform stands, no S witchgrass is one of the principal species on which stand counts were taken at that time. Although the stands breeding and genetics research has been conducted were still acceptable, it was apparent in the spring of to modify genetically herbage for biomass quality traits.
1985 that stand thinning had occurred. The stands in Breeding work to improve the IVDMD of switchgrass the pastures consisted of individual switchgrass plants has been conducted by coauthor Vogel and colleagues that were about 15 cm in diameter and which were for over 20 yr and a series of experiments have been spatially separated from other plants. Although stand conducted evaluating the breeding progress and associdensities were reduced, the remaining stands were simiated changes in switchgrass biomass composition (Anlar to expected plant densities for reseeded prairie (Corderson et al., 1988; Gabrielsen et al., 1990; Hopkins et nelius, 1944) . We were concerned that genotypes with al., 1993; Vogel et al., 1981 Vogel et al., , 1984 . This research has lead high IVDMD may have had lower survival percentages to the release of two switchgrass cultivars, Trailblazer than genotypes with lower IVDMD. and Shawnee, with improved IVDMD (Vogel et al., Several studies have subsequently been conducted to 1991, 1996) . evaluate the effect of breeding for high IVDMD on Breeding for high IVDMD in switchgrass started in plant yield and survival of switchgrass. A multilocation, multispecies trial was conducted in which space-planted (Casler et al., 2002) . When evaluated as space-transFuels program via the Oak Ridge National Laboratory Contract no. plants in these nurseries in 1987 and an equal amount of seed Greenhouse grown seedlings were transplanted into a field was bulked from each plant or clone to form the Trailblazer evaluation nursery on 29 May 1991. The seedlings were PC and Pathfinder PC populations ( Fig. 1) . Seed was harvested planted in Cone-tainer seedling tubes (Ray Leach Supercells, from all the surviving plants in the EY ϫ FF High IVDMD Stuewe and Sons, Inc, Corvallis, OR) in January 1991 and C4 selection nursery in which winter kill had occurred and thinned to one per seedling tube after emergence. The experibulked to produce a High IVDMD C3 WS (winter survivor) mental design was a replicates-in-block design with three replicates and five blocks. The 48 half-sib families were assigned population (Fig. 1 ). These strains, as well as the cultivars or at random to five sets or blocks. Four blocks contained 10 populations from which they were derived, were included in half-sib families and three check strains. The fifth block had the multistate trials summarized by Hopkins et al. (1995) . The eight half-sib families and the check strains. The check strains results of the specific comparisons between base and survivor were the EY ϫ FF Low IVDMD C(-1), High IVDMD C1 or populations for stands, IVDMD, and yield were not described Trailblazer, and a EY ϫ FF High IVDMD C3 bulk population or discussed by Hopkins et al. (1995) . In brief, the strains were produced by bulking an equal amount of seed from each planted in small plot sward trials near Mead, NE, Ames, IA, polycrossed genotype (Fig. 1 ). Plots were single rows of eight and West Lafayette, IN, in 1990 and harvested during 1991 plants spaced 1.1 m apart within and between rows. The nursand 1992 (Hopkins et al., 1995 . They were harvested for ery was fertilized annually in the spring with a single applicaforage or biomass yield at heading and regrowth was harvested tion of 110 kg ha Ϫ1 N. Weeds were controlled by a combination in the fall. They also were sampled for IVDMD at a vegetative of herbicides, roto-tilling, and hand weeding. The nursery was or preboot growth stage. Yields were reported on a dry weight harvested at a cutting height of 10 cm on 4 Aug. 1993 and on basis. Stand percentages were determined after harvest by 8 Aug. 1995 for biomass yield on a plot basis after plants had means of a frequency grid (Hopkins et al., 1995; Vogel and headed. The plots were visually scored for maturity on the harvest date by means of the index of Moore et al. (1993) .
Masters, 2001). 
Laboratory Procedures for Forage Quality Analysis Statistical Analyses for Study 1 and Study 2
In the initial analysis of variance for Study 1, block effects for the replicates-in-block design were not significant for any Samples in both studies were collected by cutting tillers at of the traits evaluated except for 1993 dry matter yield at the a 10-cm height with hand sickles at the vegetative stage or 0.05 level of probability. Consequently, the data was reanabefore harvest or by taking subsamples from the plot harvester lyzed as a simple randomized block design to facilitate comparafter the plot was harvested. Four or more subsamples were isons between treatment means. Pairwise comparisons were randomly collected and bulked for each plot. Approximately made between parent and derived populations in Study 2 by 200 to 300 g of sample (wet weight) was collected from each
Fisher LSD values. plot. The sampling procedure that was used varied with location and year, but the same sampling procedure was used for a single harvest. Samples were dried at 50ЊC (60ЊC at West
RESULTS
Lafayette) and dry weights were used to adjust yields to a dry weight basis. Samples were ground through a Wiley type mill by Hopkins et al. (1995) . The calibration statistics for Study 1 were R 2 ϭ 0.85, SEC ϭ 19.6 g kg Ϫ1 , SECV ϭ 2.38 g kg Ϫ1 .
In 1993, the EY ϫ FF High IVDMD C3 bulk population had similar survival to both Trailblazer and the Low population in 1993 and it was higher in IVDMD than Trailblazer at approximately the 0.10 level of probabil-IVDMD C(-1) strains but by 1995 had significantly lower survival percentages. Some families in the High ity. The same relative differences among these populations existed in 1995 but the differences were not signifi-IVDMD C3 population, however, had survival percentages equivalent to survival percentages of Trailblazer cant because of the larger experimental error associated with differential survival among plants within and among and Low IVDMD C(-1). Some families had survival percentages as low as 19%. Nonsurviving plants failed plots. The mean of the half-sib progenies, as expected, was about the same as the mean of the EY ϫ FF High to resume growth in the spring and plant death is likely associated with winter kill.
IVDMD C3 bulk population for IVDMD. Some families had IVDMD means that were significantly higher than Herbage or biomass yield of the EY ϫ FF High IVDMD C3 bulk population was lower than the yield the IVDMD of both Trailblazer and the EY ϫ FF High IVDMD C3 bulk population. of Trailblazer or Low IVDMD C(-1) in both 1993 and 1995 but the differences were not significant (Table 2) .
Neither the Pearson nor Spearman correlations between 1993 and 1995 survival percentages were signifiIn both years, however, some families had significantly lower yields than Trailblazer and Low IVDMD C(-1) cant (Table 3 ) among the half-sib progenies. From only field observations and data, it would not have been but some families had similar yields. Experimental errors were high in 1995 because although some plants possible to predict before 1995 which families would have had the best survival percentages 4 yr after estabhad greatly reduced vigor and yield, they were scored as survivors.
lishment. Survival percentage in 1993 was positively correlated to 1993 yield, as expected, but was not correlated The EY ϫ FF High IVDMD C3 bulk population had significantly higher IVDMD than the Low IVDMD C (-1) to 1995 yield (Pearson correlation). Survival percentage (Tables 2  IVDMD in the EY ϫ FF switchgrass population did and 4). Ten families had numerically higher means than improve IVDMD at the population level in both spacethe EY ϫ FF High IVDMD C3 bulk population and planted and sward trials but it also reduced plant bioseven families had significantly higher IVDMD than mass yield and plant survival in the spaced-planted trials. Trailblazer (Tables 2 and 4 
Trailblazer Pasture Clone (PC) Populations
grass populations also decreased significantly with each cycle of selection for high IVDMD as indicated by reThere were no significant differences between the gression analyses. The results of this study demonstrate EY ϫ FF High IVDMD C3 and EY ϫ FF High IVDMD that the decrease in survival in the C3 High IVDMD C3 WS strains for any of the traits evaluated in 1991 population can be attributed to differential survival and 1992 including IVDMD determined at both vegetaamong families within the population. Some families tive and heading stages of maturity, and forage or biohad very low survival percentages while others had surmass yield at any of the three sward evaluation locations vival percentages equivalent to Trailblazer. Among families, survival percentage and IVDMD were not corre- onstrated by the performance of their progeny in the 
